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(57) Disclosed are a spool valve which comprises:
a shaft (1) having plural small diameter portions (2)
formed at required intervals on the circumferential sur-
face of the shaft; a pair of circular convex portions (3)
having a diameter larger than the inner diameter of a
collar (4), provided on the outer circumferential faces of
each small diameter portion; and the collar (4) subjected
to quenching processing, arranged between the circular
convex portions (3) so that the side faces of the circular
convex portions are in close contact with circular con-
cave portions (6) formed at both ends of a center hole
of the collar (4) or both side faces themselves of the col-
lar (4), and a process for manufacturing the same.
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Description
BACKGROUND OF THE INVENTION

This invention relates to a spool valve such as an
oil valve for automatic transmission, which is integrated
into a hydraulic control circuit of automatic transmission
or the like of an automobile and conducts switching of
oil passage, and a process for manufacturing the same.

In a conventional spool valve to be used as an oll
valve for automatic transmission or the like, it is common
that a rod-shaped material 20 made of a metal as shown
in Fig. 10 is cut by a lathe or the like, and a shaft 21 on
which a valve body is carved out is prepared as shown
in Fig. 11. Therefore, there are problems that a large
amount of a material is cut and wasted as chips, and
time is required for machining of material to worsen pro-
ductivity. Moreover, in order to give abrasion resistance
to such a shaft, after machining of material, it is neces-
sary to subject the whole surface of the shaft to carbu-
rization quenching processing as shown in Fig. 12. How-
ever, due to carburization quenching processing, ther-
mal strain of the shaft is necessarily induced, so that
after carburization quenching processing, it is neces-
sary to subject it to straightening as shown in Fig. 13.
Thus, there are problems that productivity is bad, and
cost is high.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process for manufacturing a spool valve in which pro-
ductivity is high and wasting of a material can be re-
duced, and a thus-obtained spool valve.

The spool valve of the present invention comprises
a shaft having plural small diameter portions formed at
required intervals on the circumferential surface of the
shaft; a pair of circular convex portions having a diam-
eter larger than the inner diameter of a collar, provided
on the outer circumferential faces of each small diame-
ter portion; and said collar subjected to quenching
processing, arranged between said circular convex por-
tions so that the side faces of said circular convex por-
tions are in close contact with circular concave portions
formed at both ends of a center hole of said collar or
both side faces themselves of said collar. The manufac-
turing process of the present invention comprises fitting
plural collars subjected to quenching processing, to a
shaft material so that the collars are arranged at re-
quired positions; contracting the diameters of the por-
tions of said shaft material in the vicinity of both ends of
the collars by rolling dies to cause plastic flow of a metal
constituting said shaft material, and forming circular
convex portions having a diameter larger than the inner
diameters of said collars on the portions of said shaft
material so that the side faces of the circular convex por-
tions are in close contact with circular concave portions
formed at both ends of center holes of said collars or
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both side faces themselves of said collars, whereby said
collars are fixed to said shaft material. In the manufac-
turing process of the present invention, it is one of em-
bodiments that the length of the above shaft material
has a length corresponding to plural spool valves; the
number of the collars to be fitted to the above shaft ma-
terial is a number of collars required for the respective
spool valves; and at the time of completion of the above
step of forming the circular convex portions by the rolling
dies, said shaft material is cut into the respective spool
valves.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view illustrating one embodiment of
the spool valve of the present invention (collars are
shown by sections thereof).

Fig. 2 is a front view illustrating a shaft material to
be used in one embodiment of the process for manufac-
turing a spool valve according to the present invention.

Fig. 3 is sectional views of collars to be used in one
embodiment of the process for manufacturing a spool
valve according to the present invention.

Fig. 4 is a front view showing a manufacturing step
for fitting collars to a shaft material in one embodiment
of the process for manufacturing a spool valve accord-
ing to the present invention (the collars are shown by
sections thereof).

Fig. 5 is a front view showing a manufacturing step
for clinching collars to a shaft material in one embodi-
ment of the process for manufacturing a spool valve ac-
cording to the present invention (the collars are shown
by sections thereof).

Fig. 6 is an enlarged view of a clinching step in one
embodiment of the process for manufacturing a spool
valve according to the present invention.

Fig. 7 is an enlarged view of another embodiment
of a clinching step in one embodiment of the process for
manufacturing a spool valve according to the present
invention.

Fig. 8 is a front view showing a manufacturing step
for clinching collars to a shaft material in another em-
bodiment of the process for manufacturing a spool valve
according to the present invention.

Fig. 9 is a side view of a rolling die in another em-
bodiment of the process for manufacturing a spool valve
according to the present invention.

Fig. 10 is a front view of a shaft material to be used
for manufacturing a conventional spool valve.

Fig. 11 is a front view of a cutting step of a conven-
tional shaft material.

Fig. 12 is a front view of carburization quenching
processing of a conventional shaft material.

Fig. 13 is a front view of a straightening step of a
conventional shaft.



3 EP 0 786 307 A1 4

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, a preferred embodiment of the
spool valve of the present invention is explained in detail
by taking the case of an oil valve for transmission (see
Fig. 1).

1 is a cold or warm headed shaft, and said shaft 1
has a flange la for bearing a spring, formed on one end
thereof and also has plural small diameter portions 2
formed at required intervals and at predetermined posi-
tions of said shaft. On the outer circumferential faces of
each small diameter portion of said shaft, a pair of cir-
cular convex portions 3 having a diameter larger than
the inner diameter of a collar 4 described below are ar-
ranged at predetermined intervals so that they are faced
to each other. A collar 4 is a collar having a surface sub-
jected to quenching processing such as carburization,
and at both ends of a center hole 5 of said collar, circular
concave portions 6 chamfered in a taper shape are
formed. Said circular convex portions are processed
and formed so that the circular concave portions 6 are
in close contact with the side faces thereof, whereby
said collar is fixed to said shaft to form a valve body.

The spool valve constituted as described above is
integrated into a hydraulic control circuit of automatic
transmission or the like, and the valve body switches oil
passage by moving the shaft 1 in the shaft direction
thereof. The side faces of a pair of the circular convex
portions 3 formed on the outer circumferential faces of
the small diameter portions 2 of said shaft are in close
contact with the taper-shaped circular concave portions
6 of the center hole 5, formed at both ends of the collar
4 as a valve body, whereby the collar 4 is fixed to said
shaft securely and stably. Moreover, the surface of said
collar is subjected to carburization quenching process-
ing, so that said collar is not abraded even by oil pas-
sage-switching movement, whereby oil passage-
switching movement can be carried out securely for a
long time. In the embodiment, after clearance fit of said
collar to said shaft is carried out, the side faces of said
circular convex portions are in close contact with said
circular concave portions chamfered in a taper shape to
hold said collar 4 by said circular convex portions. How-
ever, said circular concave portions may have a stepped
shape in place of a taper shape as a matter of course.
Further, when interference fit of said collar is carried out,
a pair of circular convex portions touching both side fac-
es themselves of said collar may be formed on the outer
circumferential faces of the small diameter portions 2 of
the shaft 1 in place of forming said circular concave por-
tions on said collar, as a matter of course.

Next, a preferred embodiment of the process for
manufacturing a spool valve according to the present
invention is explained in detail by referring to Fig. 2 to
Fig. 7.

As shown in Fig. 2, 10 is a shaft material having a
flange la for bearing a spring, formed on one end thereof
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by cold or warm heading. As shown in Fig. 3, 4 is a collar
made by cold or warm heading so that it has an inner
diameter slightly larger than the outer diameter of the
shaft material 10. At both ends of a center hole 5 of said
collar, circular concave portions 6 chamfered in a taper
shape are formed, and the surface of said collar is sub-
jected to quenching processing such as carburization
for heightening abrasion resistance. Further, the posi-
tion at which said collar is provided on the shaft and the
length of said collar itself are different depending on the
position of oil passage to be switched in a hydraulic con-
trol circuit (in the embodiment, collars having three kinds
of lengths are used). In manufacture of a spool valve,
after clearance fit of said collars to required positions of
said shaft material is carried out, respectively, as shown
in Fig. 4, the diameters of the portions of said shaft ma-
terial in the vicinity of both ends of said collars are con-
tracted by rolling dies 7 as shown in Fig. 5, whereby
plastic flow of ametal is caused, and the contracted met-
al of said portions flows into the circular concave por-
tions 6 formed at both ends of the center holes 5 of the
collars 4 and are in close contact therewith.

At this time, the circular concave portions 6 are
processed to have a taper shape, so that as shown in
Fig. 6 and Fig. 7, plastic flow of the metal toward the
tapered surfaces is caused, and gaps existing between
said circular concave portions and the shaft 1 are filled
with the metal. As a result, irrespective of existence of
clearance between the outer diameter of the shaft ma-
terial 10 and the inner diameters of the collars 4, said
collars are fixed to the shaft 1 securely and stably. Thus,
said collars are fixed to said shaft to become valve bod-
ies. In the embodiment, said circular concave portions
are processed to have a taper shape so that mobility of
the metal is improved, but for the object of fixing said
collars to said shaft, said circular concave portions may
have a stepped shape as a matter of course.

Fig. 8 and Fig. 9 each show a further embodiment
of the manufacturing process of the present invention,
i.e. a preferred embodiment of the manufacturing proc-
ess by which plural spool valves (two spool valves in
Fig. 8) can be manufactured simultaneously. There are
formed circular concave portions 6 which has an inner
diameter slightly larger than the outer diameter of a shaft
material 10, are chamfered in ataper shape and are pro-
vided at both ends of center holes 5. Clearance fit of a
large number of collars 4 having a surface subjected to
carburization quenching processing, for two spool
valves to required positions of the shaft material 10 hav-
ing a length corresponding to two spool valves is carried
out (a right side portion of Fig. 8 shows this state). As
shown in Fig. 8 and Fig. 9, by clinching die teeth 15b of
arolling die 15 having a halving die tooth 15a formed at
the center of an upper surface and a large number of
the clinching die teeth 15b formed on an upper surface,
the diameters of the portions of said shaft material in the
vicinity of both ends of said collars 4 are contracted,
whereby plastic flow of a metal of said portions is
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caused, and the contracted metal moves to gaps exist-
ing between said circular concave portions formed at
both ends of said center holes of said collars and a shaft
1 and are in close contact with said circular concave por-
tions. At this time, said circular concave portions are
processed to have a taper shape, so that the mobility of
said metal is good as in the embodiment described
above. Further, simultaneously with formation of circular
convex portions 3 by clinching, the diameter of the cent-
er portion of the shaft material 10 is gradually contracted
by the halving die tooth 15a, and said shaft material is
separated and cut by the tooth at the highest position of
said halving die tooth (a left side portion of Fig. 8 shows
a state immediately before this state). In this embodi-
ment, the same two spool valves are manufactured, but
alarge number of the same or different spool valves may
be manufactured as a matter of course.

As clearly seen from the above explanation, accord-
ing to the present invention, valve bodies are formed by
fixing separately prepared collars subjected to quench-
ing processing such as carburization to a cold or warm
headed shaft, so that it is not necessary to subject the
shaft to machining of material for obtaining valve bodies,
and wasting of a material generated by machining of
material can be reduced. Further, each collar is fixed by
being in close contact with a pair of circular convex por-
tions formed by clinching the shaft by a rolling die, so
that the collars are stable even when they are used for
a long time. Moreover, only the surfaces of the collars
as the valve bodies which are abraded by switching of
oil passage are subjected to carburization quenching
processing, and it is not necessary to subject the shaft
as a whole to carburization quenching processing, so
that it is not necessary to subject it to a straightening
step for removing thermal strain induced by subjecting
the shaft to carburization quenching processing, where-
by cost can be reduced by simplification of steps, pro-
ductivity is improved, and therefore manufactured spool
valves can be made inexpensive. Further, by clinching
a large number of collars 4 subjected to carburization
quenching processing, for plural spool valves to a shaft
material having a length corresponding to plural spool
valves; and then separating and cutting the shaft mate-
rial, a large number of spool valves can be manufac-
tured simultaneously in a short time, so that the present
invention has various advantages for heightening pro-
ductivity to a great extent.

Thus, the present invention provides a spool valve
the problems in the art of which have been solved and
a process for manufacturing the same, and therefore
greatly contributes to development of the art.

Claims
1. A spool valve which comprises:

a shaft having plural small diameter portions
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formed at required intervals on the circumfer-
ential surface of the shaft;

a pair of circular convex portions having a di-
ameter larger than the inner diameter of a col-
lar, provided on the outer circumferential faces
of each small diameter portion; and

said collar subjected to quenching processing,
arranged between said circular convex portions
so that the side faces of said circular convex
portions are in close contact with circular con-
cave portions formed at both ends of a center
hole of said collar or both side faces themselves
of said collar.

2. A process for manufacturing a spool valve, which
comprises the steps of:

fitting plural collars subjected to quenching
processing, to a shaft material so that the col-
lars are arranged at required positions;
contracting the diameters of the portions of said
shaft material in the vicinity of both ends of the
collars by rolling dies to cause plastic flow of a
metal constituting said shaft material; and
forming circular convex portions having a diam-
eter larger than the inner diameters of said col-
lars on the portions of said shaft material so that
the side faces of the circular convex portions
are in close contact with circular concave por-
tions formed at both ends of center holes of said
collars or both side faces themselves of said
collars, whereby said collars are fixed to said
shaft material.

3. The process according to Claim 2, wherein the
length of the above shaft material has a length cor-
responding to plural spool valves; the number of the
collars to be fitted to the above shaft material is a
number of collars required for the respective spool
valves; and at the time of completion of the above
step of forming the circular convex portions by the
rolling dies, said shaft material is cut into the respec-
tive spool valves.



EP 0 786 307 A1




EP 0 786 307 A1

i




EP 0 786 307 A1

TN v




EP 0 786 307 A1

10




15

154

EP 0 786 307 A1

o
o
N
. - ~H
S\ Y N w)w
| EZD
[
— 1 P— -+
T T~ 4%&\
e ™~ ©
A V)
|

15a
S

~

15




EP 0 786 307 A1

15a 15p

10



EP 0 786 307 A1

21

11



EPO FORM 1503 03.82 (PC4CO01)

P)

EP 0 786 307 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 97 30 0160

DOCUMENTS CONSIDERED TO BE RELEVANT
Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (Int.CL.6)
A GB 1 450 380 A {LAWS) 1,2 B23P15/00
* page 2, line 115 - line 122 * F16K11/07
* page 3, line 56 - Tine 79 * F16B17/00
* figures 4,5,12,13 * B23P11/00
A PATENT ABSTRACTS OF JAPAN 1,2
vol. 95, no. 8, 29 September 1995
& JP 07 119845 A (RHYTHM CORP), 12 May
1995,
* abstract; figures *
A EP © 340 128 A (VALTUBES) 1,2
* column 8, line 34 - lipne 61; figures
1-3A *
A PATENT ABSTRACTS OF JAPAN 1
vol. 14, no. 364 (M-1007), 7 August 1990
& Jp 02 129477 A (AISIN AW CO LTD), 17
May 1990,
* abstract *
- TECHNICAL FIELDS
A |uS 4 575 913 A (SUGIUCHI ET AL) 1,2 PPARCHED ncl®
* abstract; figures * B23P
--- F16K
A US 5 072 885 A (HANS ET AL) 3 F16B
* claim 1; figures * B21D
--- B21K
A DE 89 11 766 U (R. BOSCH GMBH) F15B
* figures *
The present search report has been drawn up for all claims
Place of seach Date of completion of the search Examiner
THE HAGUE 17 April 1997 Plastiras, D
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A 1 technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

12




	bibliography
	description
	claims
	drawings
	search report

